Headache resulting from dural puncture in epidural and spinal anesthesia is usually secondary to a CSF leak. Pneumocephalus may also occur in this setting but has not been well-characterized. Although the risk factors for a CSF leak and pneumocephalus may overlap, their rates, clinical features, and treatments may be different. Our retrospective review of 182 patients with acute headache in the antepartum, peripartum, and postpartum settings yielded a 5:1 ratio of postdural puncture headache to pneumocephalus. The 3 patients with pneumocephalus had the defining characteristic of thunderclap headache during anesthesia. Early diagnosis is helpful as treatment with supplemental oxygen may hasten recovery. Pneumocephalus should be considered as a possible etiology of thunderclap headache in the setting of epidural and spinal anesthesia. Neurol Clin Pract 2015;5:376-382 P ostdural puncture headache (PDPH) is a common cause of headache in parturients receiving epidural or spinal anesthesia, with an incidence between 0.5% and 1.7%. 1 The risk of accidental dural puncture while performing epidural insertion during labor is 1 in 67. 2 Pneumocephalus in the obstetrical setting usually results from accidental injection of air into the intrathecal space from the "loss of resistance" technique, which is used to identify the epidural space during spinal or combined spinal/epidural anesthesia. 3 This technique uses the perception of a sudden change in resistance detected upon insertion of the epidural needle tip, resulting in the easier injection of air, saline, or both into the epidural space. 4 Headache resulting from dural puncture is typically secondary to a CSF
leak but can rarely be associated with pneumocephalus. The clinical features and time of symptom onset can potentially be helpful in differentiating these causes of peripartum headache, aiding in rapid recognition and treatment. We aimed to present our experience with pneumocephalus and to describe its rate, clinical features, and outcomes when encountered during labor.
METHODS
We retrospectively reviewed consecutive inpatient neurologic consultations for acute headache in women who were pregnant, in labor, or within 6 weeks postpartum at the Jack D. Weiler Hospital of Montefiore Medical Center, an urban tertiary hospital in the Bronx, NY. Medical records within a registry of all neurologic consultations for acute headache in the antepartum, peripartum, and postpartum settings were reviewed for a 5-year period from July 1, 2009 through June 30, 2014. Headache diagnoses were made according to International Headache Society criteria 5 where appropriate.
Standard protocol approvals, registrations, and patient consents Our institutional review board approved the study, but the requirement for informed consent was waived because of the retrospective design.
RESULTS
Our review captured 182 patients in the antepartum, peripartum, or postpartum settings who were referred for acute headache, which included 3 patients with pneumocephalus (1.6%). During the same time period, we evaluated 15 patients with PDPH after lumbar anesthesia (8.2%), yielding a 5:1 ratio of PDPH to pneumocephalus.
Case reports
Case 1 A 30-year-old woman underwent lumbar epidural anesthesia for term delivery. Within seconds of lumbar needle manipulation, she experienced a sudden, explosive, maximal-at-onset right frontal headache and neck pain. Although there was no CSF return, the needle was repositioned and an epidural catheter was placed. Her headache was remarkably worse during recumbency but improved when she was upright. Several hours later, she had an uneventful, normal spontaneous vaginal delivery, but the following day her ongoing headache was complicated by neck stiffness and binocular vertical diplopia on leftward gaze. Her past medical history was notable only for infrequent migraine without aura.
She was afebrile and normotensive. General and neurologic examinations were notable for nuchal rigidity, mydriasis of the right pupil, mild right ptosis, and vertical diplopia on left gaze, consistent with a partial right third cranial nerve palsy.
Brain MRI revealed hypointensity on gradient-echo sequence (GRE) in the suprasellar cistern and in the frontal horn of the left lateral ventricle, confirmed to be air (pneumocephalus) on subsequent head CT (figure 1). The patient's headache and ophthalmoparesis resolved gradually with high-flow oxygen and nonsteroidal anti-inflammatory agents over the subsequent 2 days.
Case 2 A 32-year-old woman with no prior headache history received combined spinal and epidural anesthesia for term delivery. She reported an immediate, severe right frontotemporal headache radiating to the back of the head along with neck pain seconds after needle insertion into the intrathecal space. Headaches were worse when upright and improved when recumbent. She had an otherwise uneventful vaginal delivery.
She had normal blood pressure and was afebrile. She had decreased range of neck movements secondary to pain but the remainder of her neurologic examination was unremarkable. Brain MRI showed a small amount of subarachnoid air in the quadrigeminal cistern and along the right tentorium, which was confirmed on subsequent head CT (figure 2).
Her headache resolved with opioids, caffeine sodium benzoate, and cyclobenzaprine over 2 days.
Case 3 A 28-year-old woman with no prior headache history underwent lumbar epidural anesthesia for term delivery. Initial attempt for an epidural catheter placement was unsuccessful and resulted in a "wet tap" with CSF leakage. She reported sudden, maximal-at-onset holocephalic headache within seconds of inadvertent intrathecal needle insertion. Her headache improved when lying recumbent and worsened when sitting up. She had an epidural catheter successfully placed several hours later and a subsequent uneventful vaginal delivery. Twenty minutes postpartum she developed lightheadedness and brief unresponsiveness in the setting of hypotension. Her past medical history was notable only for nephrolithiasis. Shortly after fluid resuscitation, she was afebrile and normotensive and her general and neurologic examinations were unremarkable.
Head CT without contrast revealed moderate intraventricular and small amount of subarachnoid air in the bilateral frontal horns of the lateral ventricles ( figure 3 ). The patient's headache resolved gradually with high-flow oxygen and acetaminophen over the next 2 days.
DISCUSSION
We encountered pneumocephalus as a rare cause of headache in the obstetrical setting. All 3 patients underwent lumbar anesthesia (epidural or combined spinal/epidural) in the upright position for term delivery and within seconds of needle insertion experienced a sudden, explosive, maximal-at-onset headache. Neuroimaging studies revealed air in the suprasellar cistern and left lateral ventricle in the first patient, in the quadrigeminal cistern in the second patient, and in the bilateral frontal horns of the lateral ventricles in the third patient.
The differential diagnosis of peripartum thunderclap headache includes reversible cerebral vasoconstriction syndrome, aneurysmal subarachnoid hemorrhage, cerebral venous thrombosis, cervical artery dissection, pituitary apoplexy, and pneumocephalus. Other less frequent causes may include spontaneous intracranial hypotension, intracranial infection, acute hypertensive crisis, ischemic stroke, and primary thunderclap headache. 6 Pneumocephalus is defined as the presence of intracranial gas, including the intraventricular, intraparenchymal, subarachnoid, subdural, and epidural compartments. It is more commonly encountered in the setting of neurosurgical procedures or craniofacial trauma. Although rare, it can also be encountered after other invasive procedures, including lumbar puncture and spinal and epidural anesthesia. Few cases of pneumocephalus following accidental dural puncture during epidural anesthesia have been reported in the literature. They typically featured patients receiving epidural anesthesia while in the sitting position and experiencing immediate onset of headache after epidural catheter insertion that improved on lying recumbent. 4,e1-e5 Pneumocephalus following spinal or combined spinal/epidural anesthesia usually results from air injected into the intrathecal/subarachnoid space during use of the loss of resistance technique that is used to identify the epidural space. 4 There has been no consensus on the use of air vs saline for this technique, although complications associated with the use of air include pneumocephalus, spinal cord and nerve root compression, retroperitoneal air, subcutaneous emphysema, and venous air embolism, none of which are associated with the use of saline. 7 Two main mechanisms have been postulated for the development of pneumocephalus in the context of lumbar anesthesia. The ball-valve theory posits that sneezing, coughing, valsalva maneuver, and other positive pressure events force air through a dural defect, which then resists the egress of air and, if significant, leads to tension pneumocephalus. 8 In the inverted bottle theory, CSF drainage leads to a negative intracranial pressure gradient that may be relieved by the influx of air. 9 The latter mechanism may be responsible in case 3, in which contemporaneous CSF leakage was confirmed.
The most common clinical presentations of pneumocephalus include headache, nausea, vomiting, seizures, dizziness, cranial nerve palsies, hemiparesis, and encephalopathy. Although the procedural risk factors (including operator experience) for a CSF leak and pneumocephalus may overlap, the clinical features may diverge (table) . Headaches associated with pneumocephalus have a rapid onset, are severe, are typically worse or not relieved in recumbency, are sensitive to movement, and are attributed to cephalad migration of intracranial air with irritation of the intracranial meninges. 7,10-12 PDPH has a later onset and the pain is relieved when the patient lies down but is provoked or worsens with sitting or standing. 13 Diagnosis is by head CT, as it is most sensitive and specific to detect minimal quantities of intracranial air, which has a Hounsfield coefficient of 21,000. 3 Air in the magnetic field has a low magnetic susceptibility, causing signal loss on T2 GRE on MRI. 14 In 2 of our patients, immediate availability of MRI was used to exclude other causes of thunderclap headache, although in many clinical circumstances (as in our third patient) an emergent CT is most feasible and available.
Treatment of pneumocephalus with supplemental oxygen in the supine position is common, as reports have demonstrated accelerated resolution of intracranial air collections with its use. 15, 16 High oxygen concentration reduces the partial pressure of nitrogen, the main constituent of intracranial air collection, in the blood, creating a gradient for diffusion into the bloodstream. 17 Hyperbaric oxygen therapy may also be useful in severe cases. 18 In the era of pneumoencephalography, various medical therapies to treat postprocedure headache were used, including prophylactic or postprocedure corticosteroids, dihydroergotamine, aspirin, lorazepam, and desmopressin. e6-e12 Our findings have clinical implications. Although thought to be rare, peripartum pneumocephalus may be more common than previously recognized and should be considered as an occasional etiology of headache following lumbar epidural/spinal anesthesia. Our patients with pneumocephalus had the defining characteristic of immediate thunderclap headache during manipulation in the lumbar region during attempted anesthesia. Clinical clues to the diagnosis that distinguish the syndrome from a CSF leak may include a severe headache at the initiation of epidural or epidural/spinal anesthesia rather than a delayed pattern and a headache that may not be relieved in recumbency, which could reflect air recirculation to structures that are particularly pain sensitive or obstruct CSF flow. Once diagnosed, treatment with high concentrations of supplemental oxygen may hasten recovery, and in our patients the prognosis was excellent after early recognition.
The strengths of our study include the capture of pneumocephalus cases with high clinical and radiographic detail within a registry of neurologic consultations for acute headache in the Once diagnosed, treatment with high concentrations of supplemental oxygen may hasten recovery, and in our patients the prognosis was excellent after early recognition. obstetrical setting. Rates of pneumocephalus and PDPH may be representative of neurologic consultation in the obstetrical setting within an urban tertiary care hospital. The ratio of PDPH to pneumocephalus may be underestimated because routine or typical cases of PDPH may not have prompted neurologic consultation. We also did not assess for the procedural experience of the anesthesiologists, which is a risk factor for both pneumocephalus and PDPH. Prospective studies to better capture the rates of pneumocephalus and PDPH in concert in the obstetrical population are indicated. Our report suggests that headache attributed to pneumocephalus may have a specific phenotype and is deserving of consideration for entry into the International Headache Society classification. 5 
